ABSTRACT Metal-organic frameworks (MOFs), comprised of metal ions/clusters and organic ligands, have shown promising potential for numerous applications. Recently, luminescent MOFs (LMOFs), with the superiorities of inherent crystallinity, definite structure, tunable pore, and multiple functionalizations, have bloomed out as sensors for the detection. Numerous LMOFs have been synthesized and used for sensing applications. Herein, the recent advances of LMOFs as chemical sensors for the detection of diverse targets, including metal ions, anions, small molecules, volatile organic compounds, nitro-aromatic explosives, gases, and biomolecules, have been summarized. Additionally, the detection mechanisms and the relationship between structure and properties of the materials are also illustrated. This review could be useful reference for the rational construction and sensing applications of LMOFs.
INTRODUCTION
As one of the most promising classes of porous materials, metal-organic frameworks (MOFs), constructed from organic ligands and metal ions or clusters via coordination bonds, have gained intensive attention for their highly regulable pore geometry and ultra-high porosity [1] , which leads to their widespread applications in molecular separation [2] [3] [4] [5] , catalysis [6] [7] [8] [9] [10] , gas storage [11] [12] [13] [14] [15] , drug delivery [16, 17] , and sensing [18] [19] [20] [21] [22] . Recently, luminescent MOFs (LMOFs) have bloomed out as an interesting family of porous materials for sensing applications [23, 24] . Compared with the organic luminescent polymers, LMOFs are more attractive as chemical sensors owing to their key advantages in structural characteristics, functional components, and interactions between MOFs and analytes.
The precise structure of MOFs from their inherent crystallinity is beneficial for sufficiently understanding the LMOFs-analyte sensing interactions in the detection process. More importantly, the rational choice of the organic and metal components offers diverse compositions and porosities. This, in turn, enables facile regulation of LMOFs-analyte interactions to promote the recognition capability of targets. For example, the incorporation of the fluorescent ligands with aromatic moieties or conjugated π-systems and metal resources with fluorescence emission into MOFs to fabricate LMOFs can dramatically vary the luminescent properties of LMOFs and therefore promise different sensing applications. Furthermore, the intrinsic porosity of LMOFs also provides multiple advantages. This porosity offers a suitable architecture to accommodate the analytes, which can facilitate the capture of analytes and improve the sensing performance. In addition, the tunable porosities endow LMOFs with suitable host structures for adsorbing and releasing guest molecules, thereby resulting in enhanced sensing performance towards specific targets [13, [25] [26] [27] . For example, the pore structures of MOFs can be effectively tuned by introducing various functional groups, such as -NH 2 , -HSO 3, -CONH 2 , binaphthol, and pyridyl, to improve the detection performance for analytes [28, 29] . It should be noted that the pore characteristics of LMOFs (including size, shape, pore environment, etc.) can be designed and regulated for controlling the sensing interactions, which could often benefit the sensing performance.
Many efforts have been dedicated to the design and synthesis of new LMOFs materials for sensing applications, which triggers the blooming research of LMOFs. Numerous LMOFs with diverse structures and sensing applications have been reported due to the tunability and functionalization of LMOFs that could immensely influence the resultant luminescent properties. Subsequently, new mechanisms involving the charge-transfer and energy-transfer processes [24, 30, 31] , such as ligand-tometal charge transfer (LMCT), metal-to-ligand charge transfer (MLCT), ligand-to-ligand charge transfer (LLCT), metal-to-metal charge transfer (MMCT), have been proposed [32, 33] . Some methods have been developed to construct LMOFs for luminescent sensors by means of pore functionalization, topology design, luminescent centers inserting and so on. It should be noted that various features of LMOFs make the modulation towards sensing performance relatively more complicated. Hence, analyzing and summarizing the relationship between structures and properties of the materials is of great significance for the rational construction and modulation of new LMOFs system.
Herein, we highlight the recent advances of LMOFs in terms of sensing applications for different targets, including ions, nitro-aromatic explosives, volatile organic compounds (VOCs), small molecules, gases, and biomolecules (Scheme 1). We illustrate the key role of LMOFs as luminescent sensors in structure tuning and function realization, which could be instructively useful for related research investigations.
LMOFs FOR SENSING

Sensing of ions
The detection and identification of ions have irreplaceable significance in life, health, environmental protection, and nuclear industry. For some metal ions, highly efficient detection and identification as well as recovery are of great significance in industry. It is also critical to quickly detect and identify some other non-metal ions with high sensitivity. MOFs have been applied for detecting a variety of metal cations and anions [34] . By taking advantages of their inorganic-organic component, the structures and properties of LMOFs can be systematically and regularly adjusted to gain tunable fluorescence sensing performance. In this section, some representative examples for the detection of ions are reviewed.
Metal cations
Iron ions play an essential role in the body as well as many living organisms [35] . However, excess or deficiency of iron often causes various physiological disorders and even induces cancers [36] . LMOFs can be promising fluorescence sensors to selectively detect Fe 3+ [37] [38] [39] [40] [41] (8) . It is based on 2-hydroxybenzene-1,3,5-tricarboxylic acid (HO-H 3 BTC) and 4,4ʹ-bipyridine (4,4ʹ-BPY) ligands in which the pyridine rings from 4,4ʹ-BPY are parallelly arranged in the pores of the framework. Although the fluorescence emission of compound 8 itself is low, it is an excellent fluorescence sensor with a low detection limit of 0.10 ppm for Al 3+ (Fig. 1a) .
The emission intensity was increased sharply when 8 was used to detect Al 3+ ions in the C 2 H 5 OH solution. The luminescence intensity of 8 was significantly increased by about 7 times in Al 3+ ions solution. This prompted the realization of the high-selectivity Al 3+ sensing (Fig. 1b) .
Particularly, it was found that 4,4ʹ-BPY played an important role in the detection process as a "guest molecule" to facilitate the electronic transfer [46] . The pore structure of MOFs is a critical factor to promote the sensing performance. Sun and co-workers [47] reported a 3D porous MOF decorated with exposed pyrimidyl Lewis base sites, [Co 2 (dmimpym)(nda) 2 ] n (9, dmimpym = 4,6-di(2-methylimidazol-1-yl)-pyrimidine, H 2 nda = 1,4-naphthalenedicarboxylic acid), in which pyrimidyl N atom in the paralleling pyridine rings and Al 3+ ions can be used to bond with analytes. With the increasing amount of Al 3+ , the luminescent intensity was significantly enhanced and the absolute quantum yield of the original framework increased from 1.5% to 2.9%, attributed to the bonding interactions between Al 3+ and pyrimidyl N of the ligand which increased the electron transition process. Li et al. [48] constructed an excitedstate intramolecular proton transfer (ESIPT)-based LMOF, namely Mg-TPP-DHBDC (TPP = 6ʹ-(pyridin-4-yl)-4,2ʹ:4ʹ,4˝-terpyridine, DHBDC = 2,5-dihydroxybenzene-1,4-dicarboxylic acid). The intramolecular hydrogen bonds between -OH and -COOH of DHBDC ligand induce the ESIPT process. With the increase of the concentration of Al 3+ ions, this process was disturbed, the "first turn-off and then turn-on" response was observed. As a result, the sensor exhibited high sensitivity and selectivity towards Al 3+ in the range of 0-15 μm. The unusual response was due to the strong coordination Fig. 2a and b) . Meanwhile, this MOF exhibited a high selectivity towards Hg 2+ with an extremely low limit of detection (LOD) of 10.9 nmol L −1 (Fig. 2c) and a fast response time of just 3 min (Fig. 2d) . It was found that the butyne groups can obviously quench the fluorescence of UiO-66@butyne through the oxymercuration reaction. Mandal and co-workers [51] . In this system, the bonding interactions between Hg(II) and -N=N-group of 4,4ʹ-AP contributed to the electron delocalization of the framework and to quench the fluorescence.
Anions
Hexavalent chromium (Cr VI ) is one of the most toxic heavy metal pollutants [52, 53] . Recently, some LMOFs stemming from the appropriate choice of organic and inorganic components have been reported to be ex- 3 2− in aqueous solutions by a "turn-off" mechanism accompanied by the replacement of the partial nitrate with different anions in its channels. More importantly, the ion-exchange process of 13 can be conveniently identified by naked-eyes (Fig. 4b) . Another cationic fluorescence Cu II -based MOF showing visual inspection detection in response to the above mentioned anions through an anion-exchange process was reported by Dong's group [58] . Later, Manna et al. [59] have also successfully synthesized a cationic framework Zn-MOF, {Zn(L5)(OH 2 ) 2 }(NO 3 Reprinted with permission from Ref. [54] . Copyright 2018, Wiley-VCH. Reprinted with permission from Ref. [57] . , and PO 4 3− (Fig. 5b) . Particularly, it was demonstrated that I − embedded in the channels through ion exchange can be oxidized to obtain I 3 − with the help of the cationic framework, resulting in luminescence quenching. In this way, the resulting MOF sensor exhibited single I − detection compared with other anions in a fluorescence "turn off" process and could be recycled for up to ten times by immersing the MOFs in a saturated KNO 3 solution.
Besides the intrinsic structural character, a portion of weak interactions between the frameworks and sensing targets also contribute to the variation of luminescence intensity, which usually occurs in MOFs containing N-H and O-H moieties and terminal coordinated organic solvent [61, 62] . For example, the hydrogen bonding between the anions and OH groups of the ligands can enhance the luminescent intensity of MOF [Tb-(Mucicate) 1 detection with a rapid response (10 s) and a low LOD ) upon excitation at 343 nm and the corresponding plots of intensity vs. logC I in the concentration range of 1×10
Reprinted with permission from Ref. [60] .
Copyright 2013, Royal Society of Chemistry.
(0.1 ppm) ( Fig. 7a and b) , attributed to the weak interactions between PO 3 4− and Tb
3+
. It should be noted that the relative ratios of fluorescence intensities (I L /I Tb ) respond linearly to the concentration of PO 3 4− ( Fig. 7c and d) .
Sensing of nitro-aromatic explosives
Explosives are not only extremely destructive but are also seriously harmful to human's health and environment. Nitrobenzene is the simplest and basic constituent of explosives. The way to quickly and quantitatively detect nitro-aromatic compounds has drawn a lot of attraction [65] [66] [67] . Recently, some LMOFs have been constructed for the detection of the nitro-aromatic explosives. The "turn-off" or "turn-on" response arising from the π-π interactions, binding reaction, photo-induced electron or energy transfer between MOF and analytes can be usually considered as the luminescent mechanism for the sensing process of MOF-based sensors [28, [68] [69] [70] [71] [72] [73] . Evidently, the pore size and host framework structure of MOFs have a huge impact on the luminescence properties. The first MOF towards the sensing of the explosives was reported by Li's group in 2009 [74] . A microporous MOF, [Zn 2 (bpdc) 2 (bpee)] (19, bpdc = 4,4ʹ-biphenyldicarboxylate, bpee = 1,2-bipyridylethene), was prepared to detect the 2,4-dinitrotoluene (DNT) and 2,3-dimethyl-2,3-dinitrobutane (DMNB) explosives with high sensitivity, fast response, and reversible regeneration capacity. In this system, the microporous structure of 19 was beneficial to increasing the π-π interactions between aromatic centers of ligands and analytes. Meanwhile, the special 3D structure exposed a lot of sites to bond with analytes, and thereby leading to fluorescence quenching by the electron transfer from MOFs to analytes. All results indicated that MOFs, composed of highly conjugated and electron-rich ligands, have been effectively utilized to sense the nitro-aromatic explosives and related electron-deficient targets by emission quenching. The luminescent MOFs can be designed through tuning the pore sizes and electronic structures to target the sui- (Fig. 8b and c) . The electron-rich L8 ligand of 20 was beneficial to enhancing its sensitivity. The results revealed that the LOD of nitrobenzene was as low as 0.135 ppm and the luminescent intensity was nearly completely quenched (92.5%). Additionally, compound 20 can be regenerated by simple thermal treatments (Fig. 8d) . It was proposed that the strong quenching was put down to electron transfer from electron rich ligand to electron withdrawing nitroaromatic explosives. The authors found that the wonderful dispersion of 20 in DMF solution could bring about the fluorescence quenching with high efficiency.
Recently, a novel bi-functionalized Zn(II)-based MOF stemming from N-rich ligand (Hatz) and conjugated-π ligand (NDC) was synthesized to probe NB by Liu and co-workers [76] . linker efficiently promoted the luminescence of 21 in the presence of electron-withdrawing analytes. It was found that 21 displayed a luminescence quenching behavior with extremely high sensitivity for detecting nitrobenzene in solution because of the electron transfer and competition absorption of excitation energy between nitrobenzene and MOF. Especially, after detecting nitrobenzene explosive, the framework was still unscathed as proven by powder X-ray diffraction (PXRD). Later, Deng et al. [77] used tetraphenylethylene derivative as the ligand to construct a new MOF Zn 2 (H 2 L9) 2 (4,4ʹ-BPY) 2 The first self-calibrated MOF-based sensor for TNP detection was reported by Du and co-workers [78] . Rhodamine 6G (Rh6G) was introduced into an anionic framework {(NH 2 Me 2 )[Zn 3 (μ 3 -OH)(tpt)(TZB) 3 ](DMF) 12 } n (23, tpt = 2,4,6-tri(4-pyridyl)-1,3,5-triazine, H 2 TZB = 4-(1H-tetrazol-5-yl)benzoic acid) to form a dual emitting material Rh6G@23 that can selectively probe trace amounts of 2,4,6-trinitrophenol (TNP) in the presence of other competitive nitro-aromatic molecules (Fig. 9) . In this process, the electrostatic interactions between TNP and the Lewis basic N atom from ligands as well as surface of the MOF can induce the change of its fluorescence properties.
The fluorescence enhancement (turn-on) MOF-based sensor for the detection of explosives was investigated. Rouhani et al. [79] reported three luminescent MOFs TMU-40(Zn), TMU-40(Cd), and TMU-40(Co), using the 5,6-di(pyridin-4-yl)-1,2,3,4-tetrahydropyrazine ligand (L10) with an aggregation-induced emission (AIE) property and H 2 BDC ligands. These MOFs exhibited excellent capabilities to detect energetic phenol derivatives caused by the "turn-on" process. Respectively, three AIE-MOFs exhibited different fluorescence behaviors. The TMU-40(Co) with unfilled d outer-shells showed a low luminescent quantum yield of 11.69% through strong LMCT, while the other two MOFs, with filled d outershells, showed strong emission behavior with quantum yields of 38.2% for TMU-40(Zn) and 31.17% for TMU-40(Cd), respectively. It was found that the phenol derivatives as explosives were efficiently detected with low LOD because both the phenolic hydrogen of analytes can form hydrogen bonding with N and O atom of the ligand. Meanwhile, the π−π interactions between the phenol and the electron-poor ring of H 2 BDC led to the rigidity of the MOF framework to increase the fluorescence intensity (Fig. 10) .
Sensing of VOCs
Among the various detectable analytes, VOCs as the common toxic air/water pollutants (such as aromatic compounds including benzene and derivatives) can cause the chronic health risk to human beings and pose severe environmental threat, climate change as well as the destruction of ozone layer [23, [80] [81] [82] [83] [84] [85] [86] [87] . The sensors for VOCs usually have two distinct response manners, either the shift of emission spectra or the change of the luminescent intensity for the different VOC-exposed phases [88] [89] [90] . As a family of porous materials with great structural diversification and functional tunability, LMOFs have been employed as the promising sensors for detecting VOCs in solution and vapor-phase media because of their regulable host framework towards structure and luminescent property contributed to improving the guests capture capacity and convertible interactions between the framework and analytes. In 2009, Li and coworkers [91] reported a Zn-MOF, Zn 2 (bpdc) 2 (bpee), (24, bpdc = 4,4ʹ-biphenyldicarboxylate, bpee = 1,2-bipyridylethene), as a sensor for benzoquinone (BQ) via a "turn-off" process. When this compound exposed to the BQ vapor, 94% of its luminescent intensity was quenched due to the electron transfer. This fluorescence behavior was completely reversible.
On the contrary, some MOF-based sensors with "turnon" fluorescence response have been developed for sensing VOCs [92, 93] . In order to achieve "turn-on" sensors with lower LOD, many researchers utilized the chromophore tetraphenylethene (TPE)-based ligands that were regarded as one of the most accessible and the simplest AIE luminogens (AIEgens) to synthesize LMOFs [94] . For example, a TPE-based ligand DPEB (DPEB = 4,4ʹ-(2,2-diphenylethene-1,1-diyl) dibenzoic acid) was chosen to fabricate a 2D MOF (NUS-1) for detecting VOCs [95] . In the framework of NUS-1, the two dangling phenyl rings of DPEB ligand were observed to influence the fluorescence enhancement response. When activated NUS-1a was soaked in various VOCs, the quantum yield of NUS-1a distinctly increased (34%) and the emission wavelength showed a maximum red-shifted emission of 18 nm in benzene solution, which was attributed to the interactions between the analytes and the dangling phenyl rings.
Later, Zhao et al. [96] reported another TPE-based MOF with a 1D hexagonal channel. They used the 1,1,2,2-tetrakis(4-(pyridin-4-yl)phenyl)ethene (tppe) and 4,4ʹ-biphenyldicarboxylate (H 2 bpdc) as the linkers and Cd creased to 63.3% (vs. 53.8% in 25). All these results illustrate that the electronic interactions between guest molecules and the dangling phenyl rings of TPPE ligand can change the fluorescence properties of 25, which are in favor of the analytes sensing. Whereas, after soaking in various VOCs, 25a⊃mesitylene showed a maximum emission hypsochromic shift of 31 nm owing to mesitylene tending to lock the phenyl rings in a perpendicular conformation to decrease the degree of π-conjugation of 25 [23, 97, 98] (Fig. 11) . Recently, Du and co-workers [99] constructed a MOF by the assembly of Tb 3+ metal ions, H 2 oba [4,4ʹ-oxybis(benzoic acid)] as well as Hatz (3-amino-1,2,4-triazole) to realize the sensing of p-xylene (PX). This MOF exhibited a significant fluorescence enhancement due to the photo-induced electron transfer from p-xylene to the H 2 oba ligand. A luminescent sensor Zr-BTDB-fcu-MOF (BTDB = 4,4ʹ-(benzoic]i1,2,5]thiadiazole-4,7-diyl)dibenzoic acid) with a π-conjugated organic ligand was used to detect amines. The framework exhibited a rapid "turn-on" response under a low concentration, which was assigned to the hydrogen bonding interactions between the linker and the hosted amines. Detailed mechanistic studies showed that the hydrogen bonding prevented the rotation of thiadiazole to reduce fluorescence behavior [100] . (Fig. 12a) . The composite was applied as a multi-dimensional ratiometric probe to detect fluorobenzene by naked eyes (Fig. 12b  and c) . Obviously, when the composite was exposed to fluorobenzene vapors, the color changed from white to orange. A 2D code identification method can be mapped out to probe analytes by the changes of relative fluorescent intensity (Fig. 12d) . This work provides a new strategy to design low-cost and facile chemical sensors.
Sensing of small molecules
The identification and detection applications of MOFs based on novel structures and luminescent properties have gradually expanded from the detection of ions to small molecules in recent years [19, 30, 37, [102] [103] [104] (Fig. 13a) , which can detect ketones in aqueous solution with a high selectivity and sensitivity. In this system, the stability of 33 was significantly enhanced in solution due to the double-helical structure formed by dense stacking. When 33 was immersed in water and some organic solvents such as DMF, DMA, ethanol, methanol, n-propanol, tetrahydrofuran (THF), acetonitrile, dioxane, dichloromethane (CH 2 Cl 2 ), acetone, methyl isobutyl ketone and cyclohexanone, obvious emission quenching was observed only in ketone solutions (Fig. 13b) . In particular, with the increase of acetone concentration to 0.7 vol%, the fluorescence emission of suspension was quenched in aqueous solution (Fig. 13c) . The reason is the energy transfer from the excited state of MOF to the LUMO of analytes and competitive absorption of excitation energy between ketone and MOF. In this way, the MOF serves as a potential chemical sensor for small molecules. Other than the above-mentioned "turn-off" cases, "turn-on" LMOF sensors for probing small molecules have also been reported. Li et al. [112] The ligand-to-metal energy transfer process was influenced by free DMF and rotational restriction of the phenyl rings motion within linker. Another enhanced fluorescence case for sensing small molecules was demonstrated by Zhu et al. [113] with Ln-MOFs [Ln 2 (fumarate 2 (oxalate)(H 2 O) 4 ]·4H 2 O (Ln = Eu, Tb). It was observed that the fluorescence was significantly quenched after removing water molecules. In particular, it was found that the original structure of these compounds could be reconstructed and the luminescent properties were recovered by rehydration. Konar and co-workers [114] presented a MOF [Cu(L13)(I)] 2n ·2nDMF·nMeCN (35, L13 = 4ʹ-(4-methoxyphenyl)-4,2ʹ:6ʹ,4˝-terpyridine) to realize the probing of small molecules including different solvents, toxic halobenzenes, N-heterocycles, amines, and nitro-aromatic explosive vapors with a rapid fluorescence response. In this process, single-crystal-to-single-crystal (SC-SC) phase transition process can be realized and the framework integrity has not been destroyed. More interestingly, this reversible change could be clearly observed by naked eyes and the camera (Fig. 14) . All these results demonstrated that the MOF can be applied as a promising detector for sensing small molecules.
Sensing of gases
It is critically important to precisely probe gas molecules ). These MOF composites possessed the promising ability for the fast and reversible detection of O 2 derived from energy transfer from the BTC ligand to Tb 3+ . Furthermore, the sensing performance of MIL-100(In)⊃Tb 3+ film is almost an order of magnitude higher than that of CPM-5⊃Tb 3+ film, due to the intramolecular energy transfer of MIL-100 which is faster than that of CPM-5 when Tb 3+ is sensitized by the same organic ligand. In some cases, functional organic moieties can be rationally used to adjust the luminescence performance and guest-responsive property of the resulting LMOF. Ghosh and co-workers [118] have incorporated the free monoamine aromatic group into organic ligand to prepare a chemically stable LMOF, UiO-66@NH 2 , for detecting nitric oxide (NO) in the aqueous phase, with a high quenching constant (4.15 × 10 5 L mol −1 ) and low detection limit (0.575 µmol L −1 ). The strong interactions between the highly diffusive NO and the MOF bearing pendant free amine are responsible for such a notable sensing performance. Zhang and co-workers [119] presented a functionalized nano MOF Eu 3+ /Cu 2+ @UiO-66-(COOH) 2 to detect H 2 S in environmental and biological specimens. It was found that the luminescence of Eu 3+ was selectively quenched with the presence of H 2 S due to strong interactions between Cu 2+ and H 2 S, but the luminescence of the ligand-centered was enhanced. As a result, this MOF exhibited remarkable selectivity toward H 2 S with a rapid response within 30 s. Apart from the strategy to introduce lanthanide ions, MOF-polymer mixed-matrix membranes (MMMs) were also used to detect H 2 S. Zhang et al. [120] reported an Al-MIL-53-NO 2 comprised of the aluminum metal center and 2-nitroterephthalic acid (H 2 BDC-NO 2 ) ligand. The MOF, Al-MIL-53-NO 2 , was used to blend poly(vinylidene fluoride) (PVDF) to form a MOF-based MMMs (Fig. 15a ) that could be used to probe H 2 S in aqueous solution. The response of Al-MIL-53-NO 2 MMMs to H 2 S gas was monitored by measuring the change in intensity of the luminescence signal at 466 nm (Fig. 15b) . A significant increase in luminescence intensity was observed with the introduction of H 2 S by a flow-through method ( Fig. 15c  and d) . Al-MIL-53-NO 2 MMMs has a very low LOD and high selectivity for H 2 S due to the uniform distribution of MOF particles on the membrane, which increased the interactions between the analyte and the framework (Fig. 15e) . Chernikova et al. [121] fabricated a stable MOF-based SO 2 sensor based on an indium-based MOF, namely MFM-300. The MFM-300 showed a remarkable SO 2 detection capacity with a low LOD of about 5 ppb at the low concentrations down to 75 ppb, attributed to the hydrogen bonding interactions between -OH groups from surface or C-H groups from the ligand and the SO 2 , as well as the electrostatic interactions of SO 2 -SO 2 . Besides, the high selectivity of MFM-300 (In) for the detection of SO 2 was also found in presence of CH 4 , CO 2 , N 2 , and H 2 (Fig. 16) .
Sensing of biomolecules
MOFs as chemical sensors also exhibit the promising ability in terms of detecting various bio-chemicals such as mycotoxins antibiotics and DNA [122] . Mycotoxin, as secondary metabolites produced by fungus organisms, whose toxicity has been closely linked to poisoning episodes in human being and animals. Recently, a MOFbased biosensor, [Zn 2 (bpdc) 2 (tppe)] (LMOF-241, tppe = 1,1,2,2-tetrakis(4-(pyridin-4-yl)phenyl)ethene), has been developed by Li and co-workers [123] for probe mycotoxin aflatoxin B1 with an exceptionally high internal quantum yield (92.7%) and low LOD of 46 ppb. It was demonstrated that the electron transfer from MOF to toxin rather than the energy transfer led to the emission quenching (Fig. 17) . Tian et al. [124] reported a novel FITC@MOF composite, in which fluorescein isothiocyanate (FITC) was incorporated into [Cd(L14)·solvent] n (36, L14 = 3,3ʹ-(6-hydroxy-1,3,5-triazine-2,4-diyl)bis-(azanediyl)dibenzoic acid) (Fig. 18a ) via guest adsorption, to detect 3-nitropropnic acid (3-NPA) as the toxic mycotoxins. In this composite, the microporous structure of 36 efficiently restricted the rotation of FITC molecules, which not only enhanced the output fluorescence intensity by diminishing the aggregation-caused quenching (ACQ) effect (Fig. 18b) but also retained the pH responsibility for acid mycotoxin. Therefore, the FITC@-MOF composite exhibited highly sensitive and selective "turn-off" response with the presence of 3-NPA, along with a low LOD (0.135 mol L −1 ) and excellent recyclability ( Fig. 18c and d) . It was proposed that 3-NPA could induce the conformational conversion of FITC and then give rise to the fluorescence quenching, driven by fluorescence resonance energy transfer.
Some MOF-based biosensors for detecting DNA were also constructed. Jiang and co-workers [125] fabricated an amine-functionalized MOF, UiO-66-NH 2 , which can detect the single-stranded DNA (ssDNA) with high sensitivity and selectivity via fluorescence enhancement. The "turn-on" phenomenon was observed due to the hydrogen bonding interactions between the amino group in UiO-66-NH 2 and ssDNA. In addition, a sensitively electrochemical sensor for DNA detection based on FeTCPP@MOF composites was constructed by Lei and co-workers [126] . They used HKUST-1 (Cu 3 (BTC) 2 ) as the host to realize the one-step encapsulation of iron(Ⅲ) meso -5,10,15,20-tetrakis(4-carboxyphenyl) porphyrin chloride (FeTCPP) followed by the conjugation with streptavidin (SA) as a recognition element. As an electrochemical sensor, this material displayed a high selectivity and robustness to detect target DNA with a low LOD of 0.48 fmol L −1 , due to the high catalytic activity of The emission intensity of ligand was enhanced while intensity of Eu 3+ was weakened after injection of aspartic acid, and color was changed from light yellow to blue simultaneously. The emission intensity change was driven by fluorescence resonance energy transfer effect between aspartic acid and Ag + @Eu-MOF indicated by overlap of emission spectrum and pH influence of incorporation of . Among these MOFs, the Eu 0.1 Tb 0.9 -BTC (MLMOF-3) was selected to prepare the thin film to detect coumarin (pharmaceutical molecules) (Fig. 19a-c) (Fig. 19d ). This ratiometric sensor exhibited a high selectivity for coumarin among other targets, and the detection limit was 0.34 μg mL 
SUMMARY AND PERSPECTIVES
LMOFs, with tremendous structural diversity and high tunability as well as special optical properties, have been developed as promising agents for chemical sensing of diverse analytes. Summarized here are some of the recent advances in LMOF materials for detecting metal ions and anions, nitrobenzene and nitro-aromatic explosive, VOCs, small molecules and biomolecules to highlight the influence of the components or structures on the sensing performance of LMOFs. Meanwhile, the various luminescent sensing mechanisms and structure-property relationship have also been briefly revealed (Table 1) . It has been demonstrated that the coordination environment of metal ions, framework structure, the size and geometry of . Reprinted with permission from Ref. [124] . Copyright 2018, American Chemical Society.
pore and the interaction with the analytes can cause different luminescent properties of MOFs, which can be monitored easily either by fluorescence changes in terms of intensity/emission frequency or naked eyes. It should be noted that despite significant progress has been made to apply LMOF materials as sensors, there are still many challenges that need to be addressed. For example, when most of the detection processes are based on the "turnoff" processes, "turn-on"-based LMOF materials are more desirable to continuously improve the selectivity and sensitivity. Meanwhile, most of the established LMOF sensors rely on the intensity changes of the luminescence signals derived from single emission center including lanthanide ions, fluorescent ligands, etc. This may give rise to erroneous responses triggered by changes of the external conditions. Therefore, the ratiometric LMOF sensors that utilize the ratio between the intensity of two or multiple emission centers within the same MOF should be further developed to break the main limits of the single emission-based LMOFs. The self-calibrating ability can also endow LMOFs with high selectivity and sensitivity. Then the construction strategy of the ratiometric sensors based on LMOFs should be developed. The precisely targeted construction methods of LMOFs with desired structure and functionality for sensing application fields should be exploited, which may help scientists to rationally develop LMOF sensors with desired detection performance.
The detection performance of LMOFs as chemical sensors arises not only from their diverse porous structures, but is also driven largely by the synergistic interactions among different subsets including inorganic/ organic component features, guest molecules, etc. As a result, the relationship between the structure and property, host-guest interaction, and synergistic effects should be deeply studied, and experiment investigations combined with theoretical calculations will further accelerate the development of LMOFs. The research of luminescent probes based on MOFs is still on the stage of continuous development. It is anticipated that more efforts from chemists will contribute to the development of LMOFbased chemical sensors following rational design and synthesis principles. The combination of the luminescence sensing and other functions will expand the po- ). Reprinted with permission from Ref. [130] . Copyright 2018, Elsevier. tential applications of LMOFs in a wide range of fields, such as medical diagnosis and treatment, and photoelectric devices. We believe a brighter future for functionalized LMOFs can be expected with close collaborations between different subjects.
